Self-incompatibility in Lolium perenne is shown to be controlled by a complicated multifactorial system with at least three loci. Pollen control is gametophytic. The growth of incompatible pollen tubes is usually inhibited on the stigmatic surface. The incompatibility mechanism does not appear to be particularly strong, since partial self-compatibility is found in some plants.
INTRODUCTION
SELF-INCOMPATIBILITY systems are found in many cultivated plants. Selection and the breeding techniques employed must be adjusted to the characteristics of the self-incompatibility in a species. Previously, the use of selfincompatibility as a means of crossing without emasculation in the production of commercial F1 hybrid seed, has been limited to a few species, most notably in the Cruciferae (Johnson, 1966) . More recently it has been suggested that self-incompatibility might be manipulated for the production of F1 hybrid seed in forage grasses (England, 1974) . However, this scheme depends for its success on the elucidation of the self-incompatibility system in a particular grass species.
In the Gramineae several workers (Lundquist, 1954 (Lundquist, , 1955 (Lundquist, , 1956 (Lundquist, , 196la, 1962 (Lundquist, , 1969 Hayman, 1956; Murray, 1974) have demonstrated a gametophytic control of self-incompatibility, involving two multi-allelic genes. Furthermore, the systems described by the above authors have certain common characteristics. Firstly, the incompatibility reaction is caused when the alleles at both loci in the pollen are matched in the style, and secondly, interaction between the two loci has not been demonstrated, and thus it would appear that the two loci have a physiological unity (Lundquist, 1956 ).
The incompatibility system operating in Lolium perenne has been examined by several workers. For example, Weimarck (1968) claimed to show that a 2-locus, gametophytic control of incompatibility existed in this species. The experimental results presented by Weimarck in support of this view could equally well be interpreted in terms of a one-locus gametophytic incompatibility system. Further work by Hayward and Wright (1971) using empty pollen grains on the stigma 24 hours after pollination as an indication of compatibility, concluded that no precise one-or two-locus system was operative in this species. Thus, in order to examine more completely the incompatibility system of L. perenne, a diallel cross was made, using an F1 family. As a means of avoiding the difficulties experienced by Hayward and Wright (1971) The mating behaviour of the F1 progeny was then analysed in a 28 x 28 diallel ( fig. 1 ), using the petri dish technique as described by Lundquist (1961 b) . Pollen tubes were examined 6 hours after pollination by means of the callose fluorochrome reaction (Lalouette, 1967) . • 1ëT.
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RESULTS
The diallel cross ( fig. 1 ) shows firstly that, unlike the parent plants, some of the F1 generation are self-compatible (9 out of 28 F1 plants). In many of these self-compatible plants there were both successful pollen tubes and pollen tubes which burst growing some way down the style. The quantity of seed from those plants exhibiting self-compatibility was small.
In compatible crosses differential behaviour of the pollen was frequently observed, indicating gametophytic control of the pollen specificity. A total of 83 reciprocal differences in pollen germination were found, i.e. cases in which the cross between two plants is compatible in only one directionThe occurrence of reciprocal differences is characteristic of the sporophytic control of incompatibility.
The 28 F1 plants cannot be arranged into mating groups which are both intercompatible and intra-incompatible. For example plants, 1, 5, 9, 26 form an intra-incompatible group ( fig. 2) 
Discussion
The results of the diallel cross show 28 different mating types, with a complicated pattern of cross-compatibility, cross-incompatibility and reciprocal differences. Variation in individual pollen-tube penetration in certain crosses indicates gametophytic control of pollen behaviour. If the control were sporophytic all the pollen in a cross would have reacted in the same way. These results cannot therefore be satisfactorily explained in terms of any theory so far postulated in the Gramineae or any other family. It has been proposed by Lundquist (1954 Lundquist ( , 1965 and Hayman (1956 ) that incompatibility in the Gramineae is controlled by two loci, S and Z both with multiple alleles, gametophytic control of pollen behaviour and individual action of alleles in the style. According to this hypothesis, an F1 progeny, from two unrelated plants, i.e. with no alleles in common, can show a maximum of 16 different mating types. Analysis of this F1 progeny has revealed 28 mating types. If a three-locus control of incompatibility W. SPOOR was postulated a maximum of 64 different mating types would be expected. Thus these results can be interpreted in terms of at least three loci controlling incompatibility. The high number of reciprocal differences would be anticipated if the two parent plants have two or three alleles in common.
In the two-locus gametophytic incompatibility system, crosses between different genotypes i.e. mating types, in an F1 progeny, will either be crosscompatible in both directions or will show reciprocal differences (if parent plants share common alleles). Extending this to a three-locus control of incompatibility, similar results can be expected between the different mating types of an F1 progeny. In either case, complete cross-incompatibility would not occur between the different mating types. However, fig. 2 shows four plants, with different mating types, which are completely crossincompatible and many other examples can be found in the diallel. Since this is a diagnostic feature of a sporophytic system, it presents a paradox. Lundquist (1954) has found that in the two-locus gametophytic system, both alleles in the pollen must be matched in the style to cause incompatibility, and cases of two-way cross-incompatibility between mating types do not occur. Pandey (1957) using Physalis ixocarpa has demonstrated a twolocus gametophytic incompatibility system in which one or both the alleles in the pollen must be matched in the style to cause incompatibility. Furthermore in Physalis, two-way cross-incompatibility does occur, between mating types. Thus the cross-incompatibility found between the different mating types in Lolium perenne may indicate that only one or two alleles in the pollen need to be matched in the style to cause incompatibility. Alternatively, epistasis between the alleles at the different loci, such that some alleles are more effective than others in inhibiting pollen tube growth, would have the same effect.
The self-incompatibility mechanism in L. perenne appears to be complex, and not particularly strong since 9 out of 28 F1 plants showed some selfcompatibility. Variation in the efficiency of the self-incompatibility mechanism has also been noted by several workers (Breese, 1966; Foster and Wright, 1970) . This may be an advantage in those plants with genotypes which are successful in a particular environment. However, considerable inbreeding depression usually occurs and self-fertilised lines rarely survive beyond the 2nd or 3rd generation (Breese, 1966) . The genetic basis of self-incompatibility is usually similar in closely related groups although exceptions to this rule have been found, for example in the Solanaceae and Boraginaceae (Pandey, 1957 (Pandey, , 1962 Crowe, 1971 ).
The results obtained in the diallel cross of an F1 L. perenne progeny indicate a multifactorial control of incompatibility, with at least three loci but possibly more. Thus it would appear that the two-locus control of self-incompatibility, commonly found in the Gramineae, is not universal in the family.
